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Foreword

T he role of research at the Naval Academy is to This growth parallels the increase in civilian
maintain an atmosphere of scholarly ex- faculty Ph.D's to ninety-seven percent. Three

cellence in which midshipmen seek knowledge. Dis- research chairs were sponsored by various Naval
cipline and curiosity are both essential to a naval Commands; the total of three million dollars in
officer and the balance of these traits determines research funding included 14% O&M,N funds, 61%
the character of our graduates. Navy, 17% DoD, 6% federal and 2.4% private

In the two decades since the Research Office was funds. This distribution reflects minimal
created, progress can be measured by the growth in institutional support and growing joint services and
research budgets, papers, books, and presentations. private funding consistent with national trends.
Naval Academy faculty and midshipmen have seized Operating funds included support for fourteen
the opportunities to do research provided by local faculty members' efforts in instructional
and nearby facilities, research courses, sabbaticals, development largely using faculty and midshipmen
and travel support. computers. Our major reimbursable sponsor, after

The information presented in this report the Chief of Naval Research, is Naval Surface
describes the research projects and productivity of Warfare Center whose $403,856 supported 26
our faculty and midshipmen for the 1991-1992 faculty. The naval laboratories funded a record 50
academic year. Each of sixteen academic faculty members' research this year for a total of
departments in four divisions presents the details of $664,401 under the Chief of Naval Research
its efforts. The history of the budget and Memorandum of Understanding. Faculty
productivity is presented in Figures 1 and 2, showing reimbursable funds increased sharply to $1,971,782
the growth of research by our faculty. while the total research FY92 budget essentially
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Figure 1. The growth of the research budget since Figure 2. The productivity of faculty and
1970 reflects contributions from programs such as midshipmen measured through publications and
sponsored projects of individual faculty, research presentations, has generally increased with the
chairs, and Academy-wide programs. research budget.
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FOREWORD

equalled the past record of three million dollars. faculty and midshipmen maintains a dialogue
The faculty are moving toward active, externally essential to our national participation.
sponsored research. Faculty research continues to be recognized

Midshipmen participation in research at the Naval nationally. Language Studies faculty won the 1991
Academy continues with eighty-three research EDUCOM national award for best curriculum
courses and fifty-two design courses reported, innovation in humanities for its Interactive Video
thirteen Trident Scholars (with eleven selected for Project of language instruction. Midshipman 1/C
the coming year), some 50 midshipmen using Susan S. Minton won first place in the American
summer leave time to work with a dozen Navy, Meteorological Society's Father James B.
DoD, and Federal Agencies, and 112 travelling Macelwane award for the outstanding
abroad under the Cox foreign language program, undergraduate research paper in the atmospheric

Agreements of research collaboration and support sciences. Midshipman Minton was a Trident
were added this year with the Naval Surface Scholar with Associate Professor David Smith on a
Warfare Center, Panama City, Florida, in coastal project entitled "Causitive Mechanisms for Explosive
systems engineering and the National Cryptological Cyclone Development over the Atlantic."
School of the National Security Agency in language Midshipman 1/C George B. Rowell IV won second
instruction. The visiting faculty program this year prize for the best paper at the Mideast Regional Phi
included twenty participants, including research Alpha Theta Conference in April. Research at the
chairholders, Navy laboratory staff, two Office of Naval Academy has achieved increasing recognition,
Naval Technology Postdoctoral fellows, and and its benefits to our teaching mission are
individuals choosing to join our faculty for a period proportional.
of research. Their active involvement with our

ROBERT H. 9HAPIRO CARL S. SCHNEIDER
Academic Dean and Provost Director of Research
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DEPARTMENT OF

Aerospace Engineering

Professor Maido Saarlas
Chair

"F• aculty and midshipmen research in the
Aerospace Engineering Department covers

many of the areas of specialization in aerospace
engineering. These studies range from unmanned
low-speed aircraft (RPV) to communication
problems with space shuttles.

Research is supported mainly through funds from
government agencies such as the National Air and
Space Administration, the Naval Research
Laboratory, and the Naval Space Command. The
Naval Academy Research Council has provided
generous support for the faculty research efforts
during the summer intersessional. This sponsored
research provides benefit to its various sponsors and
keeps the faculty current in the state-of-the-art
engineering practice. In addition, faculty
participation in current development and research
in the field of aerospace engineering has enhanced
the learning process in the classroom, from the
most fundamental courses to the final capstone
design course.

3



AEROSPACE ENGINEERING

Sponsored Research

Unmanned Vehicle Studies

Researcher: Professor Bernard H. Carson
Sponsor: Naval Research Laboratory, Code 5712

This is a continuing study involving basic feasibility the Navy's unmanned vehicle program in concert
studies and theoretical development in support of with the Naval Research Laboratory.

Coaxial Propeller/Rotor Interaction Investigation

Researcher: Associate Professor Gerald F. Hall
Sponsor: National Aeronautics and Space Administration/Ames Research Center

This research seeks to develop a computer code prop-fan/tilt rotor system will be carried out. The
capable of analyzing axial inflow performance for full scale hover stand will provide thrust and power
the evaluation of the merits of the prop-fan/tilt data as a function of vertical spacing between the
rotor propulsion system. This code, utilizing rotor and prop-fan configurations, differential
unsteady vortex lattice techniques, will analyze the rotation of the two components, and power ratio.
system in hover and will also provide high speed, Based on the results of the analytical and
initially subcritical, prop-fan cruise information, experimental methods, recommendations and a plan

An experimental investigation, utilizing the rotor for the development of the prop-fan/tilt rotor
hover stand at the U.S. Naval Academy, of the propulsion system will be prepared.

Divergence of Composite Wing Structures
Incorporating Non-Classical Effects

Researcher: Assistant Professor Gabriel N. Karpouzian
Sponsor: Naval Academy Research Coucil (ONR)

This research project was concerned with the study governing equations of motion and their associate
of static aeroelastic instability (divergence) and load boundary conditions have been obtained. An exact
distribution of aircraft composite cantilevered wing method based on an integral transform technique is
structures whose structrral model include non- employed to solve the system of equations. The
classical effects such as those of transverse shear solution to the divergence problem and the static
deformation and warping restraint, load distribution of a transversely isotropic wing

The specific objectives of the investigation were: structure is obtained for a set of values of the
(1) formulation of the equations governing the stiffness parameter E/G'. It is found that the
motion of cantilevered anisotropic composite swept divergence speed of a composite swept-forward wing
wings incorporating both transverse shear based on classical theory E/G' to zero is an
deformability and warping restraint effects; (2) overestimate of the actual critical speed of the wing
solutions of the governing equations in the with a finite non-zero E/G'. Therefore, the design
subcritical flight regime for a uniform swept of composite swept-forward wings on the basis of
cantilevered wing under a quasi-steady two- neglecting the effect of transverse shear deformation
dimensional aerodynamic load; and (3) comparison would lead to a structural failure for a speed range
of the results with those obtained by the classical beyond the actual divergence speed. The results for
theory to put in evidence the non-classical effects the spanwise aerodynamic load distribution are also
incorporated in the study. obtained for a range of values of E/G' in the

Using Hamilton's variational principle, the subcritical flight regime. They show indeed that the
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effect of transverse shear deformation is dramatic in transversely isotropic material from the stiffness
comparison with the classical results. standpoint would allow for the implementation of

A comparison between cases with and without tailoring techniques to alleviate the detrimental
warping restraint effects remains to be made. Also, effects of transverse shear deformation.
choosing a more complex material other than the
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AEROSPACE ENGINEERING

Independent Research

Navy/Marine Corps Low Earth Orbit Satellite Communications

Researchers: Assistant Professor Walter K. Daniel and
Commander Robert E. Bruninga, USN (Ret)

The project used seven small communications involved a data beacon onboard vessels that relayed
satellites that were launched as part of a Defense position and status reports automatically via
Advanced Research Project Agency (DARPA) satellite. Voice communications between ships at
program. The goal of the DARPA program was to sea and land sites were accomplished using existing
research new applications for low Earth orbit UHF radios. A satellite-to-satellite relay was
military satellite communications; this project demonstrated using the DARPA satellites and the
concentrated on Navy and Marine Corps Navy Fleet Satellite (FLTSAT) spacecraft.
applications. The first successful demonstration

Structural Analysis of the AMSAT Phase 3D

Communications Satellite

Researcher: Assistant Professor Walter K. Daniel

The Radio Amateur Satellite Corporation design of the satellite is unique and challenging.
(AMSAT) is currently designing a next-generation Finite element analysis of the P3D structure showed
high-altitude communications satellite (Phase 3D, or that natural frequencies were low enough to couple
simply P3D) to be launched in 1995. The satellite with the launch vehicle frequencies. Alternative
will be launched on the new Ariane 5 launch materials and design concepts were explored using
vehicle. Two scientific spacecraft will be attached to the finite element model.
the top of P3D during launch, so the structural

Hull-Superstructure Interaction

Researcher: Assistant Professor Michael D. A. Mackney

The principal aim of this doctoral study is to in True Basic.
investigate the fundamental behavior of hull- The experimental program of work is based on
superstructure interaction. The work is essentially six scaled acrylic models which are strain gauged
numerical and experimental in nature. The and statically loaded to simulate hull pending and
numerical work uses the finite element method and torsion. Some numerical work is being done
three purpose written pre-processors necessary to modeling hull damage.
generate error free data sets representing simplified The work is continuing with both the numerical
hull-superstructure models. Hundreds of data sets and experimental studies, but with a reduced
for different geometrical arrangements are being number of numerical case studies.
generated from the interactive preprocessor, written

6



AEROSPACE ENGINEERING

Research Course Project

Low Cost Remotely-Piloted Vehicle

Researchers: Midshipmen 1/C Jeffrey A. Craig
and Mark A. Smith, USN

Adviser: Professor Bernard H. Carson

This was an EA496 Research Project conducted by low cost, expendable remotely-piloted vehicle for
Midshipmen Craig and Smith to study and design a low altitude aerial surveillance.

Marine Corps Tactical Satellite Communicatior,.-

Researcher: Midshipman 1/C Gavino Rivas, USN
Adviser: Assistant Professor Walter K. Daniel

Satellite communications could serve Marine Corps sion would provide acceptable performance. Small
tactical users as an alternative to High Frequency groups were deployed at the Quantico Marine
(HF) radios that can be readily located. Although Corps Base to test the equipment in a field exercise.
analysis showed that most satellite passes were low Communications between the groups in the field
in the sky, further analysis proved that the satellites and the Naval Academy were maintained for the
transmitted enough power for communications to be duration of the exercise. Other monitoring stations
feasible. Testing showed that either a standard as far away as Minnesota reported clear and strong
military satellite antenna or an experimental ver- signals.

MSX Simulation

Researcher: Midshipman 1/C William J. Palermo, USN
Adviser: Visiting Professor James G. Severns

The Midcourse Space Experiment (MSX) Satellite oration with the MSX Simulator Group. There
currently under construction at Applied Physics were three areas of study involved. The first was a
Laboratory (APL) uses high-speed reaction wheels model to trace the path of Earth-orbiting bodies
to orient the entire 6000-kilograms spacecraft for forward or backvward through time. The second
pointing the large infrared telescope, various visual area was a study of the Sun's exact position in the
imagers and radar receivers which are all oriented Earth-centered inertial reference frame based upon
toward the same spacecraft axis. The MSX a reference position at Julian date 2000. This
Simulator Group is responsible for the simulation of model was combined with the orbit integrator to
the entire MSX environment for ground testing of find shadow times and the Sun's relative position
its flight systems and software before launch. They vector for satellites. The third effort involved
simulate the space environmental effects on the assessment of the precision of interpolators of
satellite, the launch and orbit scenarios, the mission possible target trajectories for the MSX satellite.
procedures, and all onboard sensors and control The first two parts of this effort were completed
systems. One of their largest tasks is to model the prior to 1 May 1992. The work of the third area is
target trajectories and response of the attitude a continuing effort at APL.
control system and reaction wheels. This research was supported by the Johns

The work of this research project was a collab- Hopkins University Applied Physics Laboratory.
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AEROSPACE ENGINEERING

Applications of Fiber Optics in Space

Researcher: Midshipman 1/C Richard L. Whipple, Jr., USN
Adviser: Visiting Professor James G. Severns

At present fiber optic systems are primarily used for first task involved determining the frequency
communication purposes, such as by telephone fluctuation across a wide band showing a continuous
companies or cable television suppliers. The optical (rather than desecrate) spectrum. This random
technology does appear to have a future in space noise shows up in sidebands which can pose
related applications, however. Some uses already significant difficulties in systems such as Doppler
being practiced or tested include relaying data radar or multichannel communication receivers
between ground stations and antenna, and antenna where there are narrow bandwidths.
testing. Future applications could certainly include Both of the tasks were successfully completed
uses on actual spacecraft for communication during the spring semester, though the study of
between systems. phase noise is an ongoing effort at Johns Hopkins

Two projects dealing with fiber optics have been University Applied Physics Laboratory.
undertaken since the start of the semester. The

Estimation of Atmospheric Drag

Researcher: Midshipman 1/C Fernando J. Argeles, USN
Adviser: Visiting Professor James G. Severns

This project was conducted in two phases. The are directly related to decay due to atmospheric
purpose of phase I was to determine whether orbital drag. This simple method worked quite well for the
decay due to atmospheric drag could be measured satellites of interest.
using doppler data. Due to difficulties during Phase II of the project requires use of the formal
launch, the defense microsats were placed in 220 N mathematical method of differential correction of
Mi circular polar orbits (inclination= 820) instead of parameters to improve estimates of the orbit
the 400 N Mi planned altitude. In this lower orbit elements. This is done in such a way that orbit
the effects of atmospheric drag were pronounced. decay is treated as an orbital element. Improved
Using the doppler shift of the spacecraft downlink orbits are then calculated to "best fit" observations
RF carrier, the time of closest approach of the made of the actual orbit, in this case, doppler data.
satellite to the Naval Academy tracking antenna The computer program to handle the data in this
could be recorded. By measuring the elapsed time way has been written, but, as yet, no data have been
between consecutive passes and dividing by the analyzed. This project is expected to be completed
number of orbits completed, the orbital period by 30 August of this year.
could be estimated. Changes in the orbital period

8
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Publications

KARPOUZIAN, Gabriel N., Assistant Professor, creased use in the design of aircraft structures and
co-author, "The Optimal Power Performance of an especially of the next generation of aerospace
Endo-Reversible Combined Cycle," Journal of the vehicles, of composite material systems, a
Institute of Energy (March 1992), 41-45. reconsideration of the aileron control problem in

this broadened framework is needed.
An optimal-performance analysis of an endo- The reconsideration of this problem has as basic
reversible combined cycle (two single endo- goals: (1) a better understanding of the impli-
reversible cycles in a cascade) was carried out, and cations of some important effects either ignored
the maximum power and the efficiency at maximum and/or of the ones which are peculiar for composite
power for steady-state operation were obtained, structures; and (2) the use of these effects which
These two performance factors, measured against could play a beneficial role on the aileron control.
those of a single cycle, can be expressed in terms of
two design parameters, and the consequences of MACKNEY, Michael DA., Assistant Professor,
varying one parameter were examined in detail. It "The Aeronautics and Astronautics Curricula at the
was shown that as regards efficiency the combined United States Naval Academy," Proceedings of
cycle is superior to the single cycle for all values of Aerotech '92 Aerospace and Airport Technology
that design parameter; and as regards power output, Congress, Education and Training in the Armed
only beyond a certain value of that parameter is the Forces, Paper C428/22/06S, January 1992.
combined cycle superior to the single cycle.

The Aerospace Engineering Department of the U.S.
KARPOUZIAN, Gabriel N., Assistant Professor, Naval Academy offers one of the most stimulating
co-author, "The Equations Governing the Motion of and demanding academic programs preparing naval
Wing-Aileron Structural Systems Constructed from officers who will serve in the forefront of the
Advanced Anisotropic Composite Materials," inception, development, and deployment of naval air
American Institute of Aeronautics and Astronautics and space resources.
Paper 92-2469, April 1992. Over 100 midshipmen enroll each year in the

four-year fully-accredited curriculum, which provides
The lateral control and maneuverability of aircraft a foundation in engineering fundamentals through
wings constitute important design requirements for courses in chemistry, physics, mathematics,
airplanes. Their characteristics may be affected to engineering mechanics, thermodynamics, and
a significant extent by aeroelastic effects, particularly electrical engineering. Students then undertake
at high dynamic pressures, and in the case of thin aerospace engineering studies, including
wings, swept wings, etc. Wing flexibility may result aerodynamics, propulsion, and structures within
in a serious loss of the lateral control power, in the either an aeronautics or astronautics specialization.
total loss of the control effectiveness, and even in The astronautics track includes astrodynamics,
the reversal of the rolling control. Due to their satellite attitude dynamics and control, and space
evident negative implications, the prevention of environment. Both specializations use some of the
occurrence of these aeroelastic effects must always most extensive and advanced laboratory facilities in
to be taken into account in the design process of a the country, and conclude with electives and a major
wing. design course.

For standard metallic wings, this problem was The paper describes the curricula, facilities, and
studied in a number of earlier works and already educational aims of the Aerospace Engineering
constitutes a classical topic. However, with the in- major of the U.S. Naval Academy.

9
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Presentations

DANIEL, Walter K., Assistant Professor, and MACKNEY, Michael D.A., Assistant Professor,
Robert E. BRUNINGA, Commander, USN (Ret), T'he Aeronautics and Astronautics Curricula at the
"Uses of Amateur Satellites in Engineering United States Naval Academy," Seminar 22
Courses," AMSAT Annual Meeting and Space Education and Training in the Armed Services,
Symposium, Los Angeles, California, 7 November Aerotech '92 Aerospace and Airport Technology
1991. Congress, Birmingham, England, 15 January 1992.

KARPOUZIAN, Gabriel N., Assistant Professor, ROGERS, David F., Professor, "Dynamic Rational
co-author, "Aeroelastic Stability Analysis of and Nonrational B-spline Surfaces for Display and
Anisotropic Composite Wings Based on a Refined Manipulation," Simon Frazer University, Vancouver,
Structural Model," International Conference on British Columbia, 8 June 1991.
Industrial and Applied Mathematics, Washington,
DC, 3-12 July 1991. ROGERS, David F., Professor, "Dynamic Rational

and Nonrational B-spline Surfaces for Display and
KARPOUZIAN, Gabriel N., Assistant Professor, Manipulation," Boeing Commercial Airplane,
co-author, "The Equations Governing the Motion of Seattle, Washington, 12 June 1991.
Wing-Aileron Structural Systems Constructed from
AdvancedAnisotropicComposite Materials,"Thirty- ROGERS, David F., Professor, "Dynamic Rational
third Structures, Structural Dynamics, and Materials and Nonrational B-spline Surfaces for Display and
Conference, Dallas, Texas 13-15 April 1992. Manipulation," Microsoft Corporation, Seattle,

Washington, 16 June 1991.
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Satellite Earth Station Facility

Robert E. Bruninga
Director

T his year the Satellite Earth Station was involved
in over 27 student and faculty projects. I

Highlighis were communications experiments with
the Space Shuttle, Soviet Space station Mir,
FLTSATS, DARPA Microsats, moonbounce,
Transit navigation satellites, ORBCOMM-X and
AMSTAT OSCARS 13 and 17. ____

Almost 100 students and faculty participated in
tracking the Space Shuttle during mission STS-45
and were rewarded with a successful two-way L_
contact on 27 March 1992. Similar communications
were successful with Cosmonauts onboard MIR in
September 1991 and early April 1992. The Naval
Academy conducted experiments on over 160 orbits
of the DARPA experimental Microsats before they
de-orbited in January 1992. The dish was used in
an attempted satellite recovery mission for
ORBCOMM-X, and an optical tracking capability
was added to the restored high gain tracking
camera.

Student laboratory sessions were conducted in
satellite tracking and communication link
calculations. Orbital elements for almost 200
satellites were maintained for the student tracking
programs, and a receive capability was maintained
for at least 36 of those spacecraft for use in these
sessions. Data and telemetry receivers for OSCAR-
17 and MIR were interfaced to the Naval Academy
Data Network for student access throughout the
Academy. Yard Patrol Craft SATCOM system performed well

Hundreds of hours of foreign language TV during summer deployments, handling over 400
reception were provided, and experiments were messages and position reports during the
conducted with the Electromagnetic Compatibility midshipmen summer cruises of 1991. The
Analysis Center to quantify radar interference experimental system has been extended to eight
susceptibility levels to satellite TV reception. The YP's for the summer of 1992.

11
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DEPARTMENT OF

Electrical Engineering

Professor Richard L. Martin
Chair

R esearch and scholarly activity are fundamental
to the vitality and viability of a discipline. This

is particularly applicable to electrical engineering,
which is broadly based and rapidly expanding.
Research helps both faculty and midshipmen keep
abreast of advancing technology and ultimately
improves the effectiveness of the academic
environment by encouraging a modern and relevant
curriculum.

Funding for our research comes from the Naval
Research Laboratory, the Naval Surface Warfare
Center, the Defense Nuclear Agency, and from
within the Naval Academy. Research topics
supported during the past year included Electronic
Warfare Scenario Modeling for Expert Real-Time
Decision Aids, the Heuristic Adaptive Reasoning
Project - Phase Two, The Effectiveness of
Electronic Countermeasures, Simulation of Low
Dose-Rate Ionizing Radiation Testing of
Microelectronics, and Characterization of Optical
Fiber Sensors: Interferometric Measurements of
Linewidth and Phase Noise of an Er-doped Fiber
Ring Laser. This faculty research contributes
directly to our operating forces and provides
relevant topics which benefit the professional as well
as the academic development of our midshipmen.

13
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Sponsored Research

The Heuristic Adaptive Reasoning Project - Phase Two

Researcher: Assistant Professor Glen C. Collins
Sponsor: Naval Academy Research Council (ONR)

The Heuristic Adaptive Reasoning Project tions for a fully functional diagnostic decision
represents a deliberate combination of numerical system which is applicable across multiple domains
and symbolic inference techniques wherein of interest and which facilitates easy decision system
numerical techniques are used solely for construction by domain experts. It is a logical
representing and tracking degrees of belief, while extension of the proof-of-principle system developed
symbolic techniques are used for overall control and during phase one, and will determine the extent to
decision selection purposes. Objectives have been which the 'Reasoner' promises to be genuinely
to create a diagnostic system framework which, usable as an on-line diagnostic tool. Phase two
from a domain expert's point of view, would be further seeks to extend the proof-of-principle system
perceived as logical, reasonable, and developed in phase one by incorporating needed
understandable, and to permit direct use by domain characteristics, one by one, and testing their
experts by maximizing their ability to use familiar effectiveness in actual on-line applications.
concepts and terms without requiring them to learn Required characteristics include the accommodation
new syntax, of evidential groupings, sensitivity to hierarchical

Phase two research on the Heuristic Adaptive relationships among hypotheses, and the detection
Reasoning Project sought to produce the specifica- of conflicting data.

Simulation of Low Dose-Rate Ionizing Radiation Testing of Microelectronics

Researcher: Professor Richard L. Martin
Sponsor: Naval Research Laboratory (Code 6810) and Defense Nuclear Agency

A coordinated set of experiments was initiated or high temperature annealing, and an equivalent
during the previous academic year and extended low dose-rate experiment. In addition to
into the present year. That set of experiments completion of the low dose-rate experiment and
consisted of large single dose gamma ray data analysis of all of the other experiments, the set
irradiations (impulses) to hardened CMOS devices, of experiments was repeated for a batch of
followed by high temperature annealing, a series of commercial non-hardened CMOS devices.
small impulses each followed by room temperature

The Effectiveness of Electronic Countermeasures

Researcher: Assistant Professor Don Y. Northam
Sponsor: Naval Research Laboratory, Code 5720

Two problems were investigated. The researcher was begun. This model is still in use in the Naval
first assisted Dr. N. Barkakati in gathering Research Laboratory EW simulators. Although
background information for the study of sensor effects other than those addressed by the model
integration for shipboard radar and EQ systems. have become important to EW performance studies,
This effort was performed as preparation for a new the model has not been extended beyond the earlier
6.2 ENEWS project that was approved for a FY92 work. The researcher examined the possibility of
start. Deliverables were memoranda and briefings conducting new experiments to provide a basis for
presented to Dr. Barkakati. Second, a extending the model, but funding limitations
reexamination of the model of over-water multipath precluded the writing of proposals for such work.
effects (on radar signals) developed ten years earlier

14
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Characterization of Optical Fiber Sensors, Interferometric Measurements of
Linewidth, and Phase Noise of an Er-doped Fiber Ring Laser

Researcher: Assistant Professor R. Stephen Weis
Sponsor: Naval Research Laboratory, Code 6570

There is considerable interest in the development phase, noise, linewidth, frequency stability, and
and application of dopcd fiber amplifiers and lasers tunability. The researcher reports measurements of
in communications systems. The use of such the linewidth and low-frequency phase noise of an
devices in fiber optic sensor systems is also of Er-doped fiber ring laser with an intra-ring fiber
interest (e.g., broadband superflourescent Nd and birefringent spectral filter. Measurements of the
Er fiber sources for fiber gyroscopes). Single low-frequency laser jitter (1/f FM noise) are
frequency fiber lasers are potentially useful sources reported for the first time. Research also
for interferometric sensor applications. A number demonstrates that linewidths measured using the
of single frequency fiber lasers have been delayed self-heterodyne method are significantly
demonstrated, most commonly utilizing a traveling- broadened by laser FM noise due to acoustical
wave ring configuration. The important laser perturbations of the laser and the delay fiber in the
characteristics for interferomctric sensor systems are interferometer.

" .... ....p
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